; Allen et al. 1989 ) and individual identification (Jeffreys et al. 1985b ; Gill et al. 1985 ; Giusti et al. 1986 ). In those reports multi-locus probes were used for individual identification, but statistical analyses were very difficult, and reproducible results were hard to get due to undefined chromosomal location and low stringency washing of hybridization filter (Olaisen et al. 1987 ; Yokoi et al. 1990a ).
In the present study, seven kinds of hypervariable DNA probes were applied and demonstrated to be much informative for individual identification of bloodstains through statistical analyses.
MATERIALS AND METHODS

Sample analyzed
Bloodstains were prepared on cotton fabrics using fresh whole blood without anticoagulant reagent and allowed to dry at room temperature for one month.
One ml whole blood gave a stain of approximately 150 cm2 in size. Ten pl of blood stain, 150 mm2 in size, consisted of 80 pieces of 1 cm cotton threads.
DNA samples of bloodstain were extracted by the standard technique (Maniatis et al. 1981) . We estimated that the amount of DNA in a blood stain from 101ul whole blood was 0.5-0.75,ug.
We usually cut out 150 mm2 stain and took the fabrics into pieces for DNA extraction.
The amount of DNA was measured by spectrophotometer scanning.
The purity was simultaneously checked with the ratio between 260 and 280 nm absorbance.
DNA probes
Four of seven probes were purchased from Amersham International (Amersham, UK). MR24/1 XY pseudoautosomal DNA probe (MR24/1) is assigned to the pseudoautosomal region at the telomers of X and Y chromosomes. Alpha-globin 3' DNA probe (3' globin) is located at 16pl2, comprising a tandem repeat of 17 base pairs (Higgs et al. 1981 ). Ha-ras DNA probe (Ha-ras) is located at 11p15.5 (Capon et al. 1983 ) and mucin DNA probe (Mucin) at 1821 (Gendler et al. 1987 ). The other three probes were kindly supplied from JCRB Gene Bank (Tokyo). D2S44 (probe pYNH24), D17S30 (probe pYNZ22) and D1S57 (probe pYNZ2) were originally developed by Nakamura et al. (1987) .
DNA hybridization
The probes were labeled with 32P-a dCTP (3,0001uCi/mmol) using a Multiprime DNA labeling system (Amersham International). Two kinds of size markers were used at the same time : (1) 123-base-pair ladder DNA (Bethesda Research Laboratories, Gaithersburg, MD, USA) and (2) EcoT 14 fragments of lambda I)NA (TAKARA, Kyoto). The former was labeled with 32P-a dCTP according to the T4 DNA polymerase labeling method and the latter with the Multiprime DNA labeling system. Four different restriction enzymes [REs ; HinfI, PruII and MspI (Boehringer Mannheim, Mannheim, FRG), RsaI (New England Biolab., Beverly, MA, USA)] were used for digestio:ns and incubated at 37°C for 5 hr using 12 RE units. Electrophoresis was carried out in 1 x TBE buffer (pH 8.0) at 1 V/cm of gel for approximately 20 hr. The size markers were loaded in duplicate on each gel, the two outside lanes on each side of the gel. The DNA fragments were then transferred to a nitrocellulose membrane (Schleicher & Schuell, Dassel, FRG). Prehybridization was carried out at 42°C in a solution containing 50% formamide, 5 x SSPE (1 x SSPE =0.15 M sodium chloride, 0.01 M sodium dihydrogen phosphate and 1 mM EDTA), 0.2 mg ml salmon sperm DNA, 0.1% SDS, and 5 X Denhardt's solution [1 X Denhardt's solutionFicoll (type 400; Sigma, St. Louis, MO, USA), 0.2 g/liter polyvinylphrrolidone (PVP ; Tokyokasei, DNA Loci for Ind ividualization of Bloodstains 11 Tokyo), and 0.2 g/liter bovine serum albumin (type V; Sigma)]. The filters were hybridized with the labeled probe and markers at 42°C for 12 hr, then washed twice at 50°C for 15 min with 0.1 X SSPE and 0.1% SDS, followed by 0.1 X SSPE for a few minutes. Autoradiography was carried out at -90°C using Fuji x-ray film.
Common blood group markers Six kinds of common blood group markers in bloodstains were typed by the standard technique (Gaensslen 1983 ). Red cell antigens of ABO, MN, P1 and Rh-Hr were typed by adsorptionelution method. Haptoglobin (Hp) was phenotyped with polyacrylamide gel (10%) electrophoresis. Phosphoglucomutase-1 (PGM1) was subtyped using LKB Ampholine PAG plate (pH 5.0-6.5).
Statistical methods
The polymorphic alleles of MR24/1, 3' Globin, Ha-ras and Mucin were subdivided into 34, 37, 5 and 10 non-overlapping groups of DNA fragments, respectively (Yokoi et al. 1990a ). The polymorphic alleles of D2S44, D17S30 and D1S57 were also subdivided into 15, 28 and 5 non-overlapping groups, respectively (Yokoi et al. 1990b ). Therefore, the allele frequency values were used directly for calculation. The physical size of the alleles was found to vary by increments which were smaller than the size measurement error (Yokoi et al. 1990a, b) . The size of the alleles was measured at 100-bp increment in MR24/1, 3' globin, D2544 and D1S57 probings (partially 50-bp increment in D2S44) or 70-bp increments (D17S30). The database among Japanese population used in this study were summarized in our previous reports (Yokoi et al. 1990a, b) , and schematically demonstrated in Fig. 2 . The probability of matching was calculated using the database among Japanese population according to the formula by Odelberg et al. (1989) . 
RESULTS
Six kinds of common blood group markers of 10 individual bloodstains were summarized in Table 1 . The average score of the probability of matching from 10 individuals was 2.4 X 10-3 (9.3x 10-5-8.4 X 10-3). This score was almost the same Table 2 ). The gene frequencies of hypervariable DNA loci observed in the present study were shown in Table 3 . Schematic illustrations of gene frequencies of all bands among Japanese population were shown in Fig. 2 , which was described in detail in our previous reports (Yokoi et al. 1990a, b) . Maximum, minimum and average scores of probability of matching among ten individuals and the cumulative probability of matching were presented in Table 4 . The cumulative probability of matching of the system and the average of ten individuals were 7.7 x 10-11 and 1.1 x 10-11, respectively. They corresponded to 3.2 x 108 and 4.5 x 109 times higher discrimination than that from 6 kinds of common blood group markers of bloodstains. Finally, the probability of matching of this system and the average of the present study were 2.5>< 10-11 and 3.6 x 10-12, respectively.
DISCUSSION
Four blood group markers, ABO, MN, Hp and PGM1, are usually the first common subject for bloodstain test in the criminal laboratory, and the other two markers, P1 and Rh-Hr, are usually the second subject in Japan. In this study, these six blood group markers were adopted to compare the power of individual identification with hypervariable DNA probes.
One-month-old bloodstains from ten individuals were investigated. In cumulative probability of matching Table 1 , the 5th individual showed a low score of probability of matching due to absence of a Rho(D) antigen (0.58% in Japanese population). However, PGM1 is known to show very labile activity, and one-month storage at room temperature might be a limit to reliable subtyping.
Bloodstains of a few-month-old will be a limit for the typing of Hp and MN.
It is important to investigate the stability of bloodstain DNA, because high molecular weight (HMW)-DNA is a prerequisite to obtain polymorphic patterns. HMW-DNA in bloodstains was preserved very well till one and a half-year-old to two-year-old under the room temperature storage (Yokoi and Sagisaka 1990). One-month-old bloodstains used in this study were considered to have relatively fresh HMW-DNA for DNA probing.
Hypervariable DNA loci have been widely applied, especially in individual identification (Gill et al. 1985 ; Giusti et al. 1986) , and in paternity test (Jeffreys et al. 1985a, b ; Baird et al. 1986 ). Most of them are multi-locus probes that recognize several loci under reduced stringency. The statistical evaluation of the multi-locus system is very difficult due to the undefined chromosomal location, and is subject to several assumptions (Odelberg et al. 1988 ). On the other hand, the single-locus probe is handled with high stringency, and is more sensitive and more capable of reproducing than the multi-locus probe (Balazs et al. 1989 ; Yokoi et al. 1990a, b) . In the present study, seven single-locus hypervariable DNA probes, which lie on different chromosomes except D17S30 locus on lp and Mucin locus on 1821, were used. They might be assumed to be statistically independent.
Allelic frequencies and their confidence intervals among unrelated Japanese individuals were previously reported from our laboratory, and co-dominant segregation of the polymorphism was confirmed in family studies (Yokoi et al. 1990a, b) . We adopted the indication of fragment size in 100-bp increment in MR24/1, 3' globin, D2S44 and D1S57 probings (partially 50-bp increment in D2S44 ) or 70-bp increment (D17S30). For example, the alleles detected by D2S44 probing have been grouped into 28 size classes among Japanese population, but these categories do not represent individual alleles. The recognition of single repeat of the core sequence (30 base pair, Nakamura, et al. 1987 ) will be beyond the capability of agarose gel electrophoresis. This probe, D2S44, has theoretically over 110 different repeat units among Japanese population, but this way of 100-bp increment indication might be a conservative approach for standardization of the fragment size. Olaisen et al. (1987) reported bloodstain identification with C4 and HLA-DR probes in which cumulative probability of matching was proved to be 1.5>< 10-2. Each of four probes in this study showed higher discriminating power than C4 and HLA-DR. Recently, Odelberg et al. (1989) reported 1.29 x 10-14 of probability of matching with 8 kinds of VNTR probes using peripheral blood of Utah Caucasians in the United States. Two of those probes were the same as in this study, and the same order of the probability of matching was reported.
Jeffreys et al. (1988) reported that some `fingerprinting' probe (multi-locus system) demonstrated a 5.2% mutation rate per gamete. On the other hand, no mutation has been observed in more than 200 cases examined with 3' globin single-locus probe (Allen et al. 1989 ). The mutation rate of D17S30 loci were reported as 0.2% (Wolff et al. 1988 ). The single-locus hypervariable DNA loci were reported to show more stable inheritance than multi-locus probe, but this kind of mutation is negligible for individual identification.
Recently, the D17S30 loci were applied to analysis with polymerase chain reaction (PCR) (Horn et al. 1989 ) in which 86% heterozygosity was obtained. The PCR method for hypervariable DNA loci is expected to be applied in the criminal laboratory in the near future.
The probes, MR24/1, 3' globin, Ha-ras and Mucin, are available from Amersham International (Amersham, UK) and the others, D2S44, D17S30 and D1S57, from the ATCC, USA or from the JCRB gene bank, Japan. They can be used almost without constraint of patents. The combination of hypervariable polymorphisms is considered to be informative enough not only for individual identification but also for forensic, anthropological and other human genetic purposes.
